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BLEACH CATALYST PARTICLES 

TECHNICAL FIELD 

The present invention relates to bleach catalyst-containing particles, and to the 
preparation of these bleach catalyst-containing particles. These particles are 
particularly useful components of detergent compositions, such as laundry detergent 
compositions, hard surface cleaners, and especially automatic dishwashing detergent 
compositions. 

BACKGROUND OF THE INVENTION 

Automatic dishwashing, particularly in domestic appliances, is an art very 
different from fabric laundering. Domestic fabric laundering is normally done in 
purpose-built machines having a tumbling action. These are very different from 
spray-action domestic automatic dishwashing appliances. The spray action in the 
latter tends to cause foam. Foam can easily overflow the low sills of domestic 
dishwashers and slow down the spray action, which in turn reduces the cleaning 
action. Thus in the distinct field of domestic machine dishwashing, the use of 
common foam-producing laundry detergent surfactants is normally restricted. These 
aspects are but a brief illustration of the unique formulation constraints in the 
domestic dishwashing field. 

Automatic dishwashing with bleaching chemicals is different from fabric 
bleaching. In automatic dishwashing, use of bleaching chemicals involves 
promotion of soil removal from dishes, though soil bleaching may also occur. 
Additionally, soil antiredeposition and anti-spotting effects from bleaching 
chemicals would be desirable. Some bleaching chemicals, (such as a hydrogen 
peroxide source, alone or together with tetraacetylethylenediamine, TAED) can, in 
certain circumstances, be helpful for cleaning dishware, but this technology gives far 
from satisfactory results in a dishwashing context: for example, ability to remove 
tough tea stains is limited, especially in hard water, and requires rather large 
amounts of bleach. Other bleach activators developed for laundry use can even give 
negative effects, such as creating unsightly deposits, when put into an automatic 
dishwashing product, especially when they have overly low solubility. Other bleach 
systems can damage items unique to dishwashing, such as silverware, aluminium 
cookware or certain plastics. 
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Consumer glasses, dishware and flatware, especially decorative pieces a, 
washed .„ domestic au,o ma ,ic dishwashing appliances, are often LThle T 
damage and can he expensive .„ replace, T ypi ca„ y , consumes,™ 0 ° 
epara,e finer pieces and would prefer ,he convenience and simp,ici,y of 

,a , n lewarc ma c °° kin8 ^ ^ * -t 

operauon. Ye. doing Una as a matter of routine has no, yet been achieved 

On account of the foregoing teehnica. constraints as well as consumer needs 
and demands, automatic dishwashing delerzen, ,Ann> „ •■ mer needs 

comin,..! j • oetergem (ADD) compositions are undereoine 

continual change and improvement. Moreover environmental factors such L Z 
_n or pnosphate. me desimbmty „, provldln6 £££2 
w„h less product, providing Jess thermal energy, and less water ,o assist the with 
Process, have al, driven the need for improved ADD compositions " 8 

A recognized need in ADD compositions is to have nreseni n 
ingredients which improve me removal of ho, heve^suiLT Tea T 
coco, etc.) from consumer articles S,ro„g alkalis ,i k e 

such as hypochlorite, huilders such as phosphates and the like c"„ Z^Z 
degrees hu, al, can also be damaging ,o, or leave a f„m upon, glasses d shwZ or 
silve^are. Accordingly, milder ADD compositions have been deve. p ^ 
make use of a source of hydrogen peroxide, optionally with a bleach ac ivator su" 

TERMAMYlP available from Novo Nordisk S/A) can be added The alnh! 
antylase component provides a, leas, some benefit in th e 
Ptopen.s of the ADD. ADDs containing amylases typically cat deZ^ 
som what more modern* wash P H in use and can remove sjchy soils while 
-voiding delivering large weigh, e,uivale„,s of sodium hydroxide on a pe r g aTo 
product basis. 1, w„„id the.fom be highly desirable to secure imp^ed Teach 
activators specifically designed to be compare in ADD formu,a.io„7^ 
with enzymes such as amylases. A need likewise exists to secure bene rTy,t 
«« m .he prince of bleach activators. Also, enzymes such as j££ 
^Kase enzymes (e.g., SAVINASE® available from Novo NoHisk S/A) 

Certain manganese catalysl-containing machine dishwashing compositions 
are deacnbed in U.S. Parent 5,240.6,2. issued September 21, 1993,Vv^ " 
al. Tne composumns ane said to be chlorine bleach-ftee machine dishwasL „g 
composttions comprising amylase and a manganese catalys, (i„ ft* +3 TZ 
oxtdanon state), as defined by the stmcture given therein. P refem d 
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catalyst therein is a dinuclear manganese, macrocyclic ligand-containing molecule 

said to be Mn IV 2(u-0)3(l,4,7-trimethyl-l,4,7-triazacyclononane)2(PF6)2 

It has been discovered more recently that cobalt-containing bleach catalysts 
are particularly effective for use in bleach compositions such as automatic 
dishwashing compositions. 

However, the direct incorporation of the small bleach catalyst particles at the 
typically very low levels into a particulate detergent composition can present 
problems. Such granular compositions typically should be made up of particles 
having mean particle sizes which are all similar to each other, to avoid segregation 
of components in the composition, such compositions often comprise particles 
having mean particles sizes in a defined range of from about 400 to about 2400 
microns, more usually from about 500 to about 2000 microns, to achieve good flow 
and absence of dustiness properties. Any fine or oversize particles outside of these 
limits must generally be removed by sieving to avoid a particle segregation problem. 
Addition of fine particle bleach catalysts into conventional granular detergent 
products thus potentially presents a component separation problem. Fine bleach 
catalyst particles in a detergent composition matrix may also have chemical stability 
problems caused by a tendency of the fine particles to interact with other detergent 
composition components, such as the other bleach system components. 

In light of all this, the formulator may very well wish to incorporate small 
bleach catalyst particles, preferred for stain removal performance, into a detergent 
matrix containing other components having a generally larger overall mean particle 
size distribution. In so doing, however, the formulator must avoid the component 
segregation and chemical stability problems associated with the use of small bleach 
catalyst particles in this context. The formulator must also maximize the consumer 
acceptance of the aesthetics of the compositions. 

Given the foregoing considerations, it is an object of the present invention to 
provide bleach catalyst-containing composite particles which are useful for 
incorporating bleach catalysts into granular detergent products, preferably automatic 
dishwashing detergent products in a form which maximizes its stain removal 
performance, chemical stability and consumer acceptable aesthetics, but which 
minimizes its particle segregation problems. It is a further object of the present 
invention to incorporate such bleach catalyst-containing composite particles in the 
form of flakes, micropastilles or extrudates which, while having a size distribution 
comparable to that of the other components of the granular detergent composition, 
allow delivery of bleach catalyst particles into the wash solution. Such objectives 
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can be realized by preparing and using bleaeh catalyst-containing composite 
particles m accordance with the instant invention. composite 

BACKflROlTMn APT 

p^:"; 0 zi^^r ,rr ,993: us w » 

U.S. Paten, 5.H4.6H, to Van Kralingen e, al. issued May 19 ,992 (.ransl 

coba„, ; German Pa lem Spec,f.ca,io„ 2.054.0,9. JLTo£T 7 " " ^ 

organic hgands in cleaning compositions). tmacrocyclic 

SUMMARY n p THF lNVFMTf r.,,, 
inVeMi0n ^ '° WCaCh composite particles 

pTctii;—" imo 8ranu,ar de,er8em ■ - ~ 

(a) from about I % to about 60% of bleach catalyst- and 

(b) from abou, 40% to abou, 99% of earner material tha, mehs within me 
range of from abou, 38-C ,o abou, 77°C, pieferably selected from ,he grouo 
consisting of p„,ye,hy,e„e glycols, paraffin waxes, and mixtures ^ «™«> 

and wherein further said composite panicles have a mean particle 's^ of from 
abou, 200 to about 2400 mictuns. Preferred panicles have a L wate Ton ^ of 

TJZ 10% by weight ^ ^ - ~' — . 

The process of the present invention involves the preparation of bleach 
caalyst-contatning composite panicles suitable for inco^ration into g^ 
detergent compositions as described herei„befo re , especially granular autom te 
dishwashtng detergent products. Such a process comprises the steps of 

(a) combining the bleach catalyst panicles with a molten carrier material 
whtch ntelts within the range of from abou. 38°C to 77°C. while agitating me 
resulting panicle-ca^er combination to fonn a substantia,* unifonn 
adm.xtureofthe panicles and .he earner material; 
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(b) cooling the particle-carrier admixture of Step (a) to form a solidified 
admixture of particles and carrier material: and 

(c) further working the solidified particle-carrier material admixture formed 
in Step (b) if or as necessary to form the desired composite particles. 

The present invention also relates to the bleach catalyst-containing composite 
particles as prepared by the process herein and to detergent compositions, especially 
automatic dishwashing detergent products, which utilize these bleach catalyst- 
containing composite particles. 

The composite particles of this invention comprise both discrete bleach 
Culalyst particle^ of i<~IaLivcIj auiaii panicle size and a earner material, with the 
composite particles having a mean particle size which is comparable to that of the 
other conventional component particles used in granular detergent compositions. 
Such particles thus allow for delivery to a wash solution of small particles of bleach 
catalyst when the carrier material in the composite particles dissolves away in the 
aqueous wash solution, thereby releasing the bleach catalyst particles. 

While other particle forms are possible, the composite particles of this 
invention are preferably in the form of flakes or micropastiiles. The particles (e.g. 
flakes and micropastiiles) have been found to exhibit enhanced storage stability in 
the presence of a detergent matrix. Further, the composite particles do not segregate 
from other particles in the granular detergent compositions into which they are 
incorporated. Finally, compositions containing such composite particles provide a 
more consumer acceptable speckled appearance than compositions having individual 
bleach catalyst particles. 

DETAILED DESCRIPTION OF THE INVENTION 
The particles according to the present invention comprise discrete particles of 
bleach catalyst and a carrier material. These particles may optionally contain other 
components, such as stabilizing additives and/or diluents. Each of these materials, 
the steps in the composite particle preparation process, the composite particles so 
prepared and granular (e.g., automatic dishwashing) detergents containing these 
particles are described in detail as follows: 

Bleach Catalyst 

The composite particles in accordance with the present invention comprise 
from about 1% to about 60% by weight, more preferably from about 2% to about 
20% by weight, most preferably from about 3% to about 10% by weight of the 
composite of discrete particles of bleach catalyst. These bleach catalyst particles 
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typically and preferably have a mean particle size of less than about wi • 
preferably less than about 200 microns, more preferably ^m a b OU t TaltT/o 
^ Preferab1 ^ fr - ^t 10 to about 100 micron, The b, ch cal ys 
material can comprise the free acid form, the salts, and the like 

One type of bleach catalyst is a catalyst svstem mmB ,; 
cation nf At*ftne>A ki u , . y comprising a transition metal 

cation of defined bleach catalytic activity such a* • 

^molybenum.or 

o no bleach catalyt, activity, such as zinc or aluminum cations, and a sequel 
having defined stability constants for the catalytic and auxiliary metal ca" 
P~ uvu^ai .y cu^a^^u^-ciic «ciu, cu.ylencdiaminetetra 
(methylenephosphonic acid) and water-soluble salts thereof. Such catalysts are 
disclosed in U.S. Pat. 4,430,243. caiaiysts are 

Other types of bleach catalysts incluriv th~ ™ 
disclosed in U.S. Pa, 5,246,621 and ,^ ^ 7 T"" 
theses catalysts include 1^,(„ nwi 4 7 i *T. P ^erred examples of 
(PF<\-> Mnlll . ^ ^ 2(U - 0) 3( 1 ' 4 ' 7 - t " I "ethyl-l,4,7-triazacyclononaneb- 

Ota, are descnbed ,„ Europe pa,en, application publication n0 . 549>272 ^ 

X « "7 rein inc ' ude '^-^y'-'s^y^J^. 

^M.^T-nazacyCononane. ^methyM^.triazacyc.ononane, ^ ^ 

The bleach catalysts useful i„ automatic dishwashing compositions „„ 
concentrated powder detergent compositions may also be selecL as app opXeTo 
me present mvennon. For examples of suitable bleach catalysts Z uTpat 
4.246,612 and U.S. Pat. 5.227,084. Pat 

See also U.S. Pat. 5,194,416 which teaches mononuclear manganese rtVl 
complexes such as Mnfl 4 7-trimethvl l a. 7 »; . manganese (IV) 

urn,*,/ <nmethyl-l,4,7-tna 2 acyclononane(OCH-.h fPF^l 

Sttll another type of bleach catalyst, as disclosed in U S Pa, 5 114 6 06 
water-soluble complex of manganese „,), (,„), and/or (IV) I \ 

non-cartx.xylaK polyhydmxy impound having „ ^ J^, jv ™ 
S-ups^ p referred ligailds inc|ude ^ .« C OH 

ambttol, adomtol meso-erymrttol, meso-inositol, lactose, and mixtures the^f ' 

c .... J g ' C °' Fe ' or Cu - Wlth an non-(macro)-cyclic lieand 

Said hgands are of the formula: 8 



BNSOOCID: <WO 9716521A1_1_> 



WO 97/16521 



PCT/US96/16S33 



7 

R 2 R 3 

Rl — N=C — B C=N R 4 

wherein Rl,R2, R3,andR 4 can each be selected from H, substituted alkyl and aryl 
groups such that each r!-N=C-R2 and R-*-C=N-R 4 form a five or six-membered 
ring. Said ring can further be substituted. B is a bridging group selected from O, S. 
CR 5 R 6 , NR 7 and C=0, wherein R 5 , R 6 , and R 7 can each be H, alkyl, or aryl 
groups, including substituted or unsubstituted groups. Preferred ligands include 
pyridine, pyridazine, pyrimidine, pyrazine, imidazole, pyrazole, and triazole rings. 
Optionally, said rings mzy be substituted with substitucnts such as a*k>l, oi>I, 
alkoxy, halide, and nitro. Particularly preferred is the ligand 2,2'-bispyridylamine. 
Preferred bleach catalysts include Co, Cu, Mn, Fe,-bispyridylmethane and - 
bispyridylamine complexes. Highly preferred catalysts include Co(2,2'- 
bispyridyIamine)Cl2, Di(isothiocyanato)bispyridylamine-cobalt (II), 

trisdipyridylamine-cobalt(II) perchlorate, Co(2,2-bispyridylamine)202C104, Bis- 
(2,2'-bispyridylamine) copper(II) perchlorate, tris(di-2-pyridylamine) iron(II) 
perchlorate, and mixtures thereof. 

Other examples include Mn gluconate, Mn(CF3S03>2, Co(NH3>5CI, and the 
binuclear Mn complexed with tetra-N-dentate and bi-N-dentate ligands, including 
N 4 Mn in (u-0) 2 Mn IV N 4 ) + and [Bipy 2 Mn in (u-0)2Mn Iv bipy2MC10 4 )3. 

The bleach catalysts may also be prepared by combining a water-soluble 
ligand with a water-soluble manganese salt in aqueous media and concentrating the 
resulting mixture by evaporation. Any convenient water-soluble salt of manganese 
can be used herein. Manganese (II), (III), (IV) and/or (V) is readily available on a 
commercial scale. In some instances, sufficient manganese may be present in the 
wash liquor, but, in general, it is preferred to detergent composition Mn cations in 
the compositions to ensure its presence in catalytically-effective amounts. Thus, the 
sodium salt of the ligand and a member selected from the group consisting of 
MnS0 4 , Mn(C10 4 )2 or MnCl2 (least preferred) are dissolved in water at molar 
ratios of ligand:Mn salt in the range of about 1 :4 to 4: 1 at neutral or slightly alkaline 
pH. The water may first be de-oxygenated by boiling and cooled by spraying with 
nitrogen. The resulting solution is evaporated (under N2, if desired) and the 
resulting solids are used in the bleaching and detergent compositions herein without 
further purification. 

In an alternate mode, the water-soluble manganese source, such as MnS0 4 , is 
added to the bleach/cleaning composition or to the aqueous bleaching/cleaning bath 
which comprises the ligand. Some type of complex is apparently formed in situ, and 
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improved bleach performance is secured in^t, 

•o use a cousin m „ lar ~JZ2££ZZ7 " " '""^ 

ofliga„ d :Mn typically are 3:1 ,o ,5-, tC^, * and mole ra,ios 
vagran, i<)ns / uch 33 e^ ir 8andalSOSerVeS,OSCaVe " 8e 

decompose. One possible 2 ^ ' s d es 7T* "* *" 
application, publication no 549 27! ^ " Elm>PCan 

Due ,o the | igan ds' sjx ^ ^ ^ ">• f +IV > <" < +V > valence sttte. 

be re as„ Mbly speculaled lhat i„,^ r^rarrT" seca,ion - ,,may 

cofYee, wine, juice, and the like. ' ketchup, 

Other bleach catalysts are described, for examnle in p 
application, publication no. 408,131 (cobalt' comp,^^) ^ 
J^^ta,,. nos 384,503, and 306,089 

U.S. 4,728,45, (manganese/multidentate ligand catalyst), US 4 711 748 anH 
European patent application, publication no 224 952 JJ* h 
aluminosilicate catalyst) U S 4 601 84S t ! manganese on 

and zinc or magnesLn' ^ U S 4 62 77 ^ " 1 ~ 

4 119 557 rw ■ 4,626,373 (manganese/ligand catalyst) US 

US 4 728 4^5 (r^^ i catalytic metal cations), and 

/^»,455 (manganese gluconate catalysts). 

Preferred are cobalt (III) catalysts having the formula: 
Co[(NH3) n M' m B' 5 T t Q q P p] Yy 
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0 or 1; Q is a tetradentae ligand; q is 0 or 1; P is a pentadentate ligand; p is 0 or 
1; and n + m + 2b + 3t + 4q + 5p = 6; Y is one or more appropriately 
selected counteranions present in a number y, where y is an integer from 1 to 3 
(preferably 2 to 3; most preferably 2 when Y is a -1 charged anion), to obtain a 
charge-balanced salt, preferred Y are selected from the group consisting of 
chloride, nitrate, nitrite, sulfate, citrate, acetate, carbonate, and combinations 
thereof; and wherein further at least one of the coordination sites attached to the 
cobalt is labile under automatic dishwashing use conditions and the remaining 
coordination sites stabilize the cobalt under automatic dishwashing conditions such 
— - * pokwiH»ui lui vGuuu ikj coudii v 11 ^ uiiucx aiKaime conditions 

is less than about 0.4 volts (preferably less than about 0.2 volts) versus a normal 
hydrogen electrode. 

Preferred cobalt catalysts of this type have the formula: 

[Co(NH 3 ) n (M') m ] Y y 

wherein n is an interger from 3 to 5 (preferably 4 or 5; most preferably 5); 
M' is a labile coordinating moiety, preferably selected from the group consisting 
of chlorine, bromine, hydroxide, water, and (when m is greater than 1) 
combinations thereof; m is an integer from 1 to 3 (preferably 1 or 2; most 
preferably 1); m+n = 6; and Y is an appropriately selected counteranion present 
in a number y, which is an integer from 1 to 3 (preferably 2 to 3; most preferably 
2 when Y is a -1 charged anion), to obtain a charge-balanced salt. 

The preferred cobalt catalyst of this type useful herein are cobalt 
pentaamine chloride salts having the formula [Co(NH3)5Cl] Y y ., and especially 
[Co(NH3) 5 Cl]Cl 2 . 

More preferred are the present invention particles and compositions which 
utilize cobalt (III) bleach catalysts having the formula: 

[Co(NH 3 ) n (M) m (B) b ] T y 

wherein cobalt is in the +3 oxidation state; n is 4 or 5 (preferably 5); M is 
one or more ligands coordinated to the cobalt by one site; m is 0, 1 or 2 (preferably 
1 ); B is a ligand coordinated to the cobalt by two sites; b is 0 or 1 (preferably 0), and 
when b=0, then m+n = 6, and when b=l, then m=0 and n=4; and T is one or more 
appropriately selected counteranions present in a number y, where y is an integer to 
obtain a charge-balanced salt (preferably y is 1 to 3; most preferably 2 when T is a - 
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1 charged anion); and wherein further said catalv* h»c k 

constant of iess than 0.23 M-ls-l(25o C ). * hydr ° ,ySiS 

Preferred T are selected from the group consisting of chloride iodide h- 
formate, nitrate, nitrite, sulfate, sulfite citrate a^ta, u ' 3 ' 

nr.. n , D , , . , citrate, acetate, carbonate, bromide PF*- 

^ ' B(Ph >4-> Phosphate, phosphite, silicate tosvlate m-h. 7 6 ' 

combinations thereof. Optionally T can K ^ethanesulfonate, and 

group exists in T, e.g., Z^^fJT""" * ^ ^ ^ 
from the group «i-^f , ^^/ > €,t 
surfactants (e.g., linear !lkvlbenln T ^ ^ ^ 
^Ic^ (LAS >- (AS), 

Polymetha^latcetc.) ^ ^ ^ ~* ^^tes, 

carbonates, but more -^o^CT^ ^ **** " ^ 
the binding to the cobalt is by 0X 0^! , " ^ " ^ 38 

other carboxylate in the M Carbox ^ per moiety, in which case the 

HP0 4 2-, „C03-, H 2 PG 4 -, HOCf^W^rn^T " M ^ 
substituted and unsubstituted C] -C 30 car^yhc J^L^^T " 

RC(0)o- 

c,-c 30 w ^;ei: pr c; c b,y r lec,e K tan *• ° f ^ - 

1 30 (preterably C,-Ci S ) unsubstituted and substituted alkvl r, 
(pre N, , <*c„> unsubstituted and substituted ary,, and C 3 -C 30 £L£d? 
C I8 , unsubstttuted and substituted heteroary,, wherein substi Jenu art ^ W 
the group eonststing of -NR' 3 , -NR' 4 + . C ( 0 )OR' -OR- rvntwp T 
seiected from the group consisting of lyZln L i Tc * *' " 

sauted R therefore inc.ude the -iT^rS td"^ " W 

most preferably from about 2 to about 5. ' 

Most preferred M are carboxylic acids having the formula above wherein R 
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The B moieties include carbonate, di- and higher carboxylates (e.g., oxalate, 
malonate, malic, succinate, maleate), picolinic acid, and alpha and beta amino acids 
(e.g., glycine, alanine, beta-alanine, phenylalanine). 

Cobalt bleach catalysts useful herein are known, being described for example 
along with their base hydrolysis rates, in M. L. Tobe, "Base Hydrolysis of 
Transition-Metal Complexes", Adv. Inorg. Bioinorg. Mech. . (1983), 2, pages 1-94. 
For example, Table 1 at page 17, provides the base hydrolysis rates (designated 
therein as Icqh) f° r cobalt pentaamine catalysts complexed with oxalate (kQH = 2 5 
x 10-4 m-1 s-1 (25°C)), NCS- (k 0 H = 5.0 x 10-4 M -l s -l (25°C)), formate (k Q H= 
5.S a iC * IvI - s * (25X)), and aceiaie (kQH = *° x 10 ^ s "' The 
most preferred cobalt catalyst useful herein are cobalt pentaamine acetate salts 
having the formula [Co(NH3)50Ac] Ty, wherein OAc represents an acetate moiety, 
and especially cobalt pentaamine acetate chloride, [Co(NH3)50Ac]Cb; as well as 
[Co(NH 3 ) 5 OAc](OAc) 2 ; [Co(NH 3 ) 5 OAc](PF 6 ) 2 ; [Co(NH 3 ) 5 OAc](S0 4 ); 
[Co(NH 3 ) 5 OAc](BF 4 )2; and [Co(NH 3 ) 5 OAc](N0 3 )2 (herein "PAC"). 

These cobalt catalysts are readily prepared by known procedures, such as 
taught for example in the Tobe article hereinbefore and the references cited therein, 
in U.S. Patent 4,810,410, to Diakun et al, issued March 7,1989, J. Chem. Ed. (1989), 
66 (12), 1043-45; The Synthesis and Characterization of Inorganic Compounds, 
W.L. Jolly (Prentice-Hall; 1970), pp. 461-3; Inorg. Chem. . 18, 1497-1502 (1979); 
Inorg. Chem. . 21_, 2881-2885 (1982); Inorg. Chem. . 18, 2023-2025 (1979); Inorg. 
Synthesis, 173-176 (1960); and Journal of Physical Chemistry . 56, 22-25 (1952); as 
well as the synthesis examples provided hereinafter. 

As a practical matter, and not by way of limitation, the cleaning 
compositions and cleaning processes herein can be adjusted to provide on the order 
of at least one part per ten million of the active bleach catalyst species in the 
aqueous washing medium, and will preferably provide from about 0.1 ppm to about 
50 ppm, more preferably from about 1 ppm to about 25 ppm, and most preferably 
from about 2 ppm to about 10 ppm, of the bleach catalyst species in the wash 
liquor. In order to obtain such levels in the wash liquor of an automatic dishwashing 
process, typical automatic dishwashing compositions herein will comprise from 
about 0.01% to about 1%, more preferably from about 0.01% to about 0.36, of 
bleach catalyst by weight of the cleaning compositions. 

Synthesis of Pentaammineacetatocobalt(III) Nitrate 

Ammonium acetate (67.83 g, 0.880 mol) and ammonium hydroxide (256.62, 
2.050 mol, 28%) are combined in a 1000 ml three-necked round-bottomed flask 
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-j- - fc pa.. jru^-sr 
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. material is preferably water-soluble. Additionally th~ 

u~r ~ y * — * - - 

2000 ,„^Tn£o 8 ' yCO,S - Pan ' CUlar ' y °' mo,ea " ar ^ •» *» 
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spots or films on the articles in the wash. ^ " 35 
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Also suitable as carrier materials are paraffin waxes which should melt in 
the range of from about 38°C (100°F) to about 43°C (110°F), and Ci6 - C20 fatty 
acids and ethoxylated C16-C20 alcohols. Carriers comprising mixtures of suitable 
carrier materials are also envisaged. 

Particle Water Content 

The composite particles should have a low free water content to favor in- 
product stability and minimize the stickiness of the composite particles. The 
composite particles should thus preferably have a free water content of less than 
uuuui io/o, jjiwiwiuui; icoa uioii dbuui u /o, inure picieraoiy less uian aoout 3Vo, and 
most preferably less than 1%. 

Composite Particle Preparation Process 

The composite particles are made by a process comprising the following basic 

steps: 

(i) combining the particles of bleach catalyst with the carrier material as 
hereinbefore described, while the carrier material is in a molten state and 
while agitating this combination to form a substantially uniform 
admixture; 

(ii) rapidly cooling the resultant admixture in order to solidify it; and 
thereafter 

(iii) further working the resulting solidified admixture, if necessary, to form 
the desired composite particles. 

(i) Combining/Mixing Step 

The purpose of the combining/mixing step is to ensure dispersion of the 
discrete bleach catalyst particles in the molten carrier material. In more detail, the 
combining/mixing step can be carried out using any suitable liquid/solid mixing 
equipment such as that described in Perry's Chemical Engineer's Handbook under 
'Phase Contacting and Liquid/Solid Processing'. For example, the combining and 
subsequent mixing can be done in batch mode, using a simple agitated batch tank 
containing the molten carrier. The discrete bleach catalyst particles can be added 
to the molten carrier and dispersed with an impeller. This is preferable for small 
batches which can be solidified quickly (for reasons hereinafter set forth). 

Alternatively, the combining/mixing can be done continuously. For 
example, a feeder can be used to meter the bleach catalyst into the flowing molten 
carrier (e.g., through a powder eductor). The mixture can optionally be further 
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dispersed using any suitable continuous liquid/solid mixing device such as an in 
line mixer (such as those described in Chanter 19 «f t J ' 
Mixing Technology, McGraw Hill Pub ^ " * ^ * ° ldShUe '. 
mixer re o f rnm v ^ ' } or a statlc or motionless 

«Z nd re Zbr^T^ * "** » 

divule and recombme portions of the fluid stream. The shear rate can be varied 

both o optimize Aspersion and to determine the eventual bleach catalys « 
size that .s obtained. In some applications, further bleach catalyst pal7st 
reduction can be accomplished through use of a colloid mill a h 
liquid/solid mixing device. ** ** com ™°™ 

lu . p^fcacd embuduncn u,e combinu^ixmg siep acts sucn as to oreak uo 
any aggregates which may have formed in the bulk of the bleach cataTyHt is 
accep*b,e that the mixing step leads to a slight reduction in the o^ , J " 
part,cle size of the bleach catalyst particles. *" 

(ii) Coolinp/SoHdificatinn a »H P^ | e . Fnrminf , glegs 

involv^, C ° m ' ining/miX ^ Ste P is f ^wed by one or more subsequent steps 
nvoWing cooling and thereby solidifying the mixture resulting frol I 

z ;:;r;z ste T; Sub : equent steps may a,s ° invo,ve *— - — 

particles therefrom. These steps encompass executions wherein the solidification 
and particle-forming aspects occur coincidental*, or alternatively where theses 
are earned out sequentially in either order of occurrence ? 

In executions where solidification of the bulk mixture occurs, the particle is 
formed from the solidified mixture by use of anv suit*hU . 

wrh « „ a- , y or ^ suitable comminution procedure 

such as grinding procedures. ««-cuure, 

Cooling and solidification can be carried o„t 
equipment such as tha, described inlw, rT T c E COnveMi °° al 
•Heat Exchange forSoiidsT ^ '""^ Eng,,KCTS HMdb0< * «*' 

In a preferred embodiment, which involves the making of flake form 
compete panics the Edification occurs by inducing me mixhiot a Z 

fo L Z 7f f0m,taS " layCT ° f SOHd — *• - beh. ThL i" 

fo owed by a step wmch comprises removing the layer of rolid wmM 

ml. or be,, and thereafter comminuting of the removed solid materia.. ^Zt 

achteved. for examp,e. by cuning the solid layer inro smafler pieces. fZ^ £ 

"tductng these pieces to an acceptable si* using conventional s J Xti™ 

«,u.pm.n, e.g. Quadm C „-mi, „ r . cage mil,,. 7*e comminuted soHtflLtS 

can be fitnher worked as necesaary by sieving the comminuted materia, to p™^ 

partreles of the desired mean panicle size ami size distribution 
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In another preferred embodiment which involves making micropastille-form 
composite particles, the cooling, solidification and particle-forming aspects occur in 
an integral process involving the delivery of drops of the bleach catalyst 
particle/carrier material mixture through a feed orifice onto a cooling belt. The feed 
orifice is preferably chosen so as to favor formation of micropastilles having a mean 
particle size of from about 200 to about 2400 microns, more preferably from about 
500 to about 2000 microns, and most preferably from about 600 to about 1400 
microns. In such a process, further working of the solidified admixture is not 
necessary to achieve composite particles of the desired size. 

I;; still a/iCthci picfcacu cuibouiiucm which involves making extruded 
composite particles, particle formation takes place in an extrusion process in which 
the bleach catalyst-particle/carrier material mixture is extruded through a die plate 
into a cooling device (e.g., a cooling drum, fluidized bed cooler, etc.). The die plate 
orifices are preferably chosen so as to favor formation of extrudates with a diameter 
between 400 - 1000 microns, preferably 500 - 900 microns, more preferably 600 - 
700 microns, and having a mean particle size (by sieving) of from about 200 to 
about 2,400 microns, more preferably from about 500 to about 2,000 microns, and 
most preferably from about 600 to about 1,400 microns. The solidified extrudates 
are then sieved to obtain composite particles of the desired size fraction. 

(HO Optional Additional Steps 

A preferred additional step, particularly when flake or extrudate formation is 
involved, comprises the step of sieving the particles to obtain composite particles 
having a mean particle size of from about 200 to about 2400 microns, preferably 
from about 500 to about 2000 microns, most preferably from about 600 to about 
1400 microns. Any oversize particles can be subjected to a size reduction step and 
any undersized particles can be reintroduced into the molten mixture of the 
combining/mixing step. 

Detergent compositions 

The composite particles herein are useful components of detergent 
compositions, particularly those designed for use in automatic dishwashing methods. 

The detergent compositions may additionally contain any known detergent 
components, particularly those selected from pH-adjusting and detergency builder 
components, other bleaches, bleach activators, silicates, dispersant polymers, low- 
foaming nonionic surfactants, anionic co-surfactants, enzymes, enzyme stabilizers, 
suds suppressors, corrosion inhibitors, fillers, hydrotropes and perfumes. 
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(a) 
(b) 
(c) 



Panicles as he^fotll^ ^ -*~«^ composite 

a bleach component comprising from about 0.0 IK to about «•/ •, u, 

oxygen of a peroxygen bleach; ° 35 aVa,Iab,e 

from about 0.1% to about 60% of a dH a Hinct,„ 

wa,e,so,ub.e sai, or sailer m L "e ^ C ° nSiS ' in8 ° f 

sodiun, Carbonate, .od^ ZT ST h"" , 

W) f " i "' 3 "' i -I*** I«i aukw. as SiC 2 

(.) ft- 0 ,„ abou, of . , ow . foaming non : onjc surfactMt other ^ ^ 

(0 from 0 to about 10% of a suds suppressor 

(g) from 0% to about 5% of an active detersive enzyme; and 

(h) from 0% to about 25% of a dispersant polymer. 

Such a composition provides a wash solution pH from about 9.5 to about 1 , .5. 

PH-Adjustinp rontrol/n^ ^ v p 1|i lder Cnmp § 

The detergent compositions herein will nrefiraWa, 

about 11.0 is desirable The n H Preferably fr ° m about 8 *> 

determent PH-adjustmg component are selected so that when the 

detergent composmon „ dissolved in water at a concentration of 2000 60M 
the pH remains in the ranges discussed above. The prefeL L„ h" T PPm ' 
^.component em.diments of the invent. 7^ £ 

(i) sodium/potassium carbonate or sesquicarbonate 
(«) sodium/potassium citrate 

(iii) citric acid 

(iv) sodium/potassium bicarbonate 

(v) sodium/potassium borate, preferably borax 

(vi) sodium/potassium hydroxide; 

(vii) sodium/potassium silicate and 

(viii) mixtures of (i)-(vii). 
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Illustrative of highly preferred pH-adjusting component systems are binary 
mixtures of granular sodium citrate dihyrate with anhydrous sodium carbonate, and 
three-component mixtures of granular sodium citrate dihydrate, sodium carbonate 
and sodium disilicate. 

The amount of the pH adjusting component included in the detergent 
compositions is generally from about 0.9% to about 99%, preferably from about 5% 
to about 70%, more preferably from about 20% to about 60% by weight of the 
composition. 

Any pH-adjusting system can be complemented (i.e. for improved 
cccjucctrnticn :n hard water) by ctlicr optional Jctcigcncy buiiuci sails selected from 
phosphate or nonphosphate detergency builders known in the art, which include the 
various water-soluble, alkali metal, ammonium or substituted ammonium borates, 
hydroxysulfonates, polyacetates, and polycarboxylates. Preferred are the alkali 
metal, especially sodium, salts of such materials. Alternate water-soluble, non- 
phosphorus organic builders can be used for their sequestering properties. Examples 
of polyacetate and polycarboxylate builders are the sodium, potassium, lithium, 
ammonium and substituted ammonium salts of ethylenediamine tetraacetic acid, 
ethylenediamine disuccinic acid (especially the S,S- form); nitrilotriacetic acid, 
tartrate monosuccinic acid, tartrate disuccinic acid, oxydiacetic acid, oxydisuccinic 
acid, carboxymethyloxysuccinic acid, mellitic acid, and sodium benzene 
polycarboxylate salts. 

The detergency builders can be any of the detergency builders known in the 
art, which include the various water-soluble, alkali metal, ammonium or substituted 
ammonium phosphates, polyphosphates, phosphonates, polyphosphonates, 
carbonates, borates, polyhydroxysulfonates, polyacetates, carboxylates (e.g. 
citrates), aluminosilicates and polycarboxylates. Preferred are the alkali metal, 
especially sodium, salts of the above and mixtures thereof. 

Specific examples of inorganic phosphate builders are sodium and potassium 
^polyphosphate, pyrophosphate, polymeric metaphosphate having a degree of 
polymerization of from about 6 to 21, and orthophosphate. Examples of 
polyphosphonate builders are the sodium and potassium salts of ethylene 
diphosphonic acid, the sodium and potassium salts of ethane 1 -hydroxy- 1, 1- 
diphosphonic acid and the sodium and potassium salts of ethane, 1,1,2-triphosphonic 
acid. Other phosphorus builder compounds are disclosed in U.S. Patent Nos. 
3,159,581; 3,213,030; 3,422,021; 3,422,137, 3,400,176 and 3,400,148, incorporated 
herein by reference. 
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perborate or percarbonate, is an activated type (e.g., perborate with tetra-acetyl 
ethylenediamine) or comprises a performed peracid such as monoperphthalic acid. 
Analysis of peroxygen compounds is well-known in the art: see, for example, the 
publications of Swern, such as "Organic Peroxides", Vol. I, D. H. Swern, Editor; 
Wiley, New York, 1970, LC # 72-84965, incorporated by reference. See for 
example the calculation of "percent active oxygen" at page 499. This term is 
equivalent to the terms "available oxygen" or "percent available oxygen" as used 
herein. 

The peroxygen bleaching systems useful herein are those capable of yielding 
iiyuiugcii peioxiue in an aqueous iiquor. These compounds include but are not 
limited to the alkali metal peroxides, organic peroxide bleaching compounds such as 
urea peroxide and inorganic persalt bleaching compounds such as the alkali metal 
perborates, percarbonates, perphosphates, and the like. Mixtures of two or more 
such bleaching compounds can also be used. 

Preferred peroxygen bleaching compounds include sodium perborate, 
commercially available in the form of mono-, tri-, and tetra-hydrate, sodium 
pyrophosphate peroxyhydrate, urea peroxyhydrate, sodium percarbonate, and 
sodium peroxide. Particularly preferred are sodium perborate tetrahydrate, sodium 
perborate monohydrate and sodium percarbonate. Percarbonate is especially 
preferred. 

Suitable oxygen-type bleaches are further described in U.S. Patent No. 
4,412,934 (Chung et al), issued November 1, 1983, and peroxyacid bleaches 
described in European Patent Application 033,259. Sage! et al, published September 
13, 1989, both incorporated herein by reference, can be used. 

Highly preferred percarbonate can be in uncoated or coated form. The average 
particle size of uncoated percarbonate ranges from about 400 to about 1 200 microns, 
most preferably from about 400 to about 600 microns. If coated percarbonate is 
used, the preferred coating materials include carbonate, sulfate, silicate, borosilicate, 
fatty carboxylic acids, and mixtures thereof. 

Preferably, the peroxygen bleach component the in composition is formulated 
with an activator (peracid precursor). The activator is present at levels of from about 
0.01% to about 15%, preferably from about 1% to about 10%, more preferably from 
about 1% to about 8%, by weight of the composition. Preferred activators are 
selected from the group consisting of tetraacetyl ethylene diamin (TAED), 
benzoylcaprolactam (BzCL), 4-nitrobenzoylcaprolactam, 3- 

chlorobenzoylcaprolactam, benzoyloxybenzenesulphonate (BOBS), 

nonanoyloxybenzenesulphonate (NOBS), phenyl benzoate (PhBz), 
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decanoyloxybenzenesuJphonate (C,n-OBS^ k , 

octanoyloxybenzenesulphonate (C« OBsT u ^^o^*™ (B2VL), 
'^-ostprefe^ -ers and mixtures 

preferred bleach activators in the oH T T ^^o^- Particularly 
seiected having an OBS or VL^^ **" *°« 8 * *»* « - those 
Preferred bleach activators are th«c- ^ 

Seria! No, 08/064,624, 08/064^3 ZtZT^JF" U " S ' 

™ md — « — i M°:r 2 A ': D °r^ T rr- 

a« of which « iacorponued hj n by S rc S Ce ° 3 ' 6 " (P& ° °~ 4890R >- 

(0SBA) or , qiMte ^ rd^r^r subai,uttd 

former. Preferred QSBA anrcnres are «mh,T^. """^ preferabl >'. *<> 

No. 08. 9 8,*,3, 0 8«8,650, 08^X^X78^1;™ "* ^ 
incorporated herein by reference. ""298,904 filed August 31, 1994, 

Diacvl Peroxjdg BJeachjnj g 
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comprise from about 1 % to about 50V kv • 7 invention may also 

than abou, 300 micC " Lt TT 2 ^ 0f 
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groups has an aromatic nucleus. "eterably, at least one of these 
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Examples of suitable diacyl peroxides are those selected from the group 
consisting of dibenzoyl peroxide, benzoyl glutaryl peroxide, benzoyl succinyl 
peroxide, di-(2-methybenzoyl) peroxide, diphthaloyl peroxide and mixtures thereof, 
more preferably dibenzoyl peroxide, diphthaloyl peroxides and mixtures thereof. 
The preferred diacyl peroxide is dibenzoyl peroxide. 

The diacyl peroxide thermally decomposes tinder wash conditions (i.e. 
typically from about 38°C to about 71°C) to form free radicals. This occurs even 
when the diacyl peroxide particles are water-insoluble. 

Surprisingly, particle size can play an important role in the performance of the 
dicicy! peroxide, not only in preventii^ ic^iuuc uc^usil piuuicin^, out aiso in 
enhancing the removal of stains, particularly from stained plasticware. The mean 
particle size of the diacyl peroxide particles produced in wash solution after 
dissolution of the particle composite carrier material, as measured by a laser particle 
size analyzer (e.g. Malvern) on an agitated mixture with water of the diacyl 
peroxide, is less than about 300 microns, preferably less than about 200 microns. 
Although water insolubility is an essential characteristic of the diacyl peroxide used 
in the present invention, the size of the particles containing it is also important for 
controlling residue formation in the wash and maximizing stain removal 
performance. 

Preferred diacyl peroxides used in the present compositions are also 
formulated into a carrier material that melts within the range of from about 38°C to 
about 77°C, preferably selected from the group consisting of polyethylene glycols, 
paraffin waxes, and mixtures thereof, as taught in copending U.S. patent application 
Serial Number 08/424,132, filed April 17, 1995. 
Silicates 

The compositions of the type described herein optionally, but preferably 
comprise alkali metal silicates and/or metasilicates. The alkali metal silicates 
hereinafter described provide pH adjusting capability (as described above), 
protection against corrosion of metals and against attack on dishware, inhibition of 
corrosion to glasswares and chinawares. The SiC>2 level is from about 0.5% to 
about 20 %, preferably from about 1% to about 15%, more preferably from about 
2% to about 12%, most preferably from about 3% to about 10%, based on the 
weight of the detergent composition. 

The ratio of SiC>2 to the alkali metal oxide (M2O, where M=alkali metal) is 
typically from about 1 to about 3.2, preferably from about 1 to about 3, more 
preferably from about 1 to about 2.4. Preferably, the alkali metal silicate is hydrous, 



BNSDOCID: <WO 9716521A1_I_> 



WO 97/1*521 

l"CT/US»6/l«S33 

22 

having from aboul 15% to about ■><«/ ., . 

about 20%. A m0re P^'y. fr« m about 1 7% ,„ 

Anhydrous fotnts of .he alkali metal silicates with a Si&vM n , 
more are also less preferred because they tend to hT .f^ 20 ra "° ° f 20 <" 
U-e hydrous alkali meta, silicas havi JJ * « J^" 1 ^ «** *- 

p-^xnT-s m irrr - ~ * 
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NaMSi x 0 2x+1 y H 2 0 
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DE-A-3742043. F^^ET"" " ^ " - 
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which inhibit the deposition of calcium carbonate or magnesium silicate on 
dishware. 

Dispersant polymers suitable for use herein are illustrated by the film-forming 
polymers described in U.S. Pat. No. 4,379,080 (Murphy), issued Apr. 5, 1983, 
incorporated herein by reference. 

Suitable polymers are preferably at least partially neutralized or alkali metal, 
ammonium or substituted ammonium (e.g., mono-, di- or triethanolammonium) salts 
of polycarboxylic acids. The alkali metal, especially sodium salts are most 
preferred. While the molecular weight of the polymer can vary over a wide range, it 
preferably is from about iOOO to about 500,000, more preferably is from about 1000 
to about 250,000, and most preferably, especially if the detergent composition is for 
use in North American automatic dishwashing appliances, is from about 1000 to 
about 5,000. 

Other suitable dispersant polymers include those disclosed in U.S. Patent No. 
3,308,067 issued March 7, 1967, to Diehl, incorporated herein by reference. 
Unsaturated monomelic acids that can be polymerized to form suitable dispersant 
polymers include acrylic acid, maleic acid (or maleic anhydride), fumaric acid, 
itaconic acid, aconitic acid, mesaconic acid, citraconic acid and methylenemalonic 
acid. The presence of monomelic segments containing no carboxylate radicals such 
as methyl vinyl ether, styrene, ethylene, etc. is suitable provided that such segments 
do not constitute more than about 50% by weight of the dispersant polymer. 

Copolymers of acrylamide and acrylate having a molecular weight of from 
about 3,000 to about 100,000, preferably from about 4,000 to about 20,000, and an 
acrylamide content of less than about 50%, preferably less than about 20%, by 
weight of the dispersant polymer can also be used. Most preferably, such dispersant 
polymer has a molecular weight of from about 4,000 to about 20,000 and an 
acrylamide content of from about 0% to about 15%, by weight of the polymer. 

Particularly preferred dispersant polymers are low molecular weight modified 
polyacrylate copolymers. Such copolymers contain as monomer units: a) from 
about 90% to about 10%, preferably from about 80% to about 20% by weight 
acrylic acid or its salts and b) from about 10% to about 90%, preferably from about 
20% to about 80% by weight of a substituted acrylic monomer or its salt and have 
the general formula: -[(C^JC^'X^OJOR 3 )]- wherein the incomplete valences 
inside the square braces are hydrogen and at least one of the substituents R*, R 2 or 
R 3 , preferably R 1 or R 2 , is a 1 to 4 carbon alkyl or hydroxyalkyl group, R 1 or R 2 
can be a hydrogen and R 3 can be a hydrogen or alkali metal salt. Most preferred is a 
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Yet another group of acceptable dispersants are the organic dispersant 
polymers, such as polyaspartate. 

Low-Foaming Nonionic Surfactant 

Detergent compositions of the present invention can comprise low foaming 
nonionic surfactants (LFNIs). LFNI can be present in amounts from 0 to about 1 0% 
by weight, preferably from about 1% to about 8%, more preferably from about 
0.25% to about 4%. LFNIs are most typically used in detergent compositions on 
account of the improved water-sheeting action (especially from glass) which they 

»w UvU^U^ CO.i^wjiuwii ^iuuuwi. a AiC j oidO CiiCOliipcLSS llOll-MUCOIie, 

nonphosphate polymeric materials further illustrated hereinafter which are known to 
defoam food soils encountered in automatic dishwashing. 

Preferred LFNIs include nonionic alkoxylated surfactants, especially 
ethoxylates derived from primary alcohols, and blends thereof with more 
sophisticated surfactants, such as the polyoxypropylene/polyoxyethylene/ 
polyoxypropylene reverse block polymers. The PO/EO/PO polymer-type 
surfactants are well-known to have foam suppressing or defoaming action, 
especially in relation to common food soil ingredients such as egg. 

The invention encompasses preferred embodiments wherein LFNI is present, 
and wherein this component is solid at temperatures below about 100°F, more 
preferably below about 120°F. 

In a preferred embodiment, the LFNI is an ethoxylated surfactant derived from 
the reaction of a monohydroxy alcohol or alkylphenol containing from about 8 to 
about 20 carbon atoms, excluding cyclic carbon atoms, with from about 6 to about 
1 5 moles of ethylene oxide per mole of alcohol or alkyl phenol on an average basis. 

A particularly preferred LFNI is derived from a straight chain fatty alcohol 
containing from about 16 to about 20 carbon atoms (C16-C20 alcohol), preferably a 
Cjg alcohol, condensed with an average of from about 6 to about 15 moles, 
preferably from about 7 to about 12 moles, and most preferably from about 7 to 
about 9 moles of ethylene oxide per mole of alcohol. Preferably the ethoxylated 
nonionic surfactant so derived has a narrow ethoxylate distribution relative to the 
average. 

The LFNI can optionally contain propylene oxide in an amount up to about 
15% by weight. Other preferred LFNI surfactants can be prepared by the processes 
described in U.S. Patent 4,223,163, issued September 16, 1980, Builloty, 
incorporated herein by reference. 
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typically in an amount from 0 to about 10%, preferably from about 0.1% to about 
8%, more preferably from about 0.5% to about 5%, by weight of the detergent 
composition composition. 

Suitable anionic co-surfactants include branched or linear alkyl sulfates and 
sulfonates. These may contain from about 8 to about 20 carbon atoms. Other 
anionic cosurfactants include the alkyl benzene sulfonates containing from about 6 
to about 1 3 carbon atoms in the alkyl group, and mono- and/or dialkyl phenyl oxide 
mono- and/or di-sulfonates wherein the alkyl groups contain from about 6 to about 
16 carbon atoms. All of these anionic co-surfactants are used as stable salts, 

,,T-..--,i-i- • - - J: .- - J/ 

plWAWl iXUkJ JUU1U111 UilU/Ul pUUUOiUlii. 

Preferred anionic co-surfactants include sulfobetaines, betaines, 
alkyl(polyethoxy)sulfates (AES) and alkyl (polyethoxy)carboxylates which are 
usually high sudsing. Optional anionic co-surfactants are further illustrated in 
published British Patent Application No. 2,116,199A; U.S. Pat. No. 4,005,027, 
Hartman; U.S. Pat. No. 4,116,851, Rupe et al; and U.S. Pat. No. 4,116,849, 
Leikhim, all of which are incorporated herein by reference. 

Preferred alkyl(polyethoxy)sulfate surfactants comprise a primary alkyl ethoxy 
sulfate derived from the condensation product of a Cg-Cig alcohol with an average 
of from about 0.5 to about 20, preferably from about 0.5 to about 5, ethylene oxide 
groups. The Qj-Cjg alcohol itself is preferable commercially available. C\2'C\$ 
alkyl sulfate which has been ethoxylated with from about 1 to about 5 moles of 
ethylene oxide per molecule is preferred. Where the compositions of the invention 
are formulated to have a pH of between 6.5 to 9.3, preferably between 8.0 to 9, 
wherein the pH is defined herein to be the pH of a 1% solution of the composition 
measured at 20°C, surprisingly robust soil removal, particularly proteolytic soil 
removal, is obtained when Cjo-Cjg alkyl ethoxysulfate surfactant, with an average 
degree of ethoxy lation of from 0.5 to 5 is incorporated into the composition in 
combination with a proteolytic enzyme, such as neutral or alkaline proteases at a 
level of active enzyme of from 0.005% to 2%. Preferred alkyl(polyethoxy)sulfate 
surfactants for inclusion in the present invention are the C\2-C\$ alkyl 
ethoxysulfate surfactants with an average degree of ethoxylation of from 1 to 5, 
preferably 2 to 4, most preferably 3. 

Conventional base-catalyzed ethoxylation processes to produce an average 
degree of ethoxylation of 12 result in a distribution of individual ethoxy lates ranging 
from 1 to 15 ethoxy groups per mole of alcohol, so that the desired average can be 
obtained in a variety of ways. Blends can be made of material having different 
degrees of ethoxylation and/or different ethoxylate distributions arising from the 
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on substrates such as fabrics, dishware and the like. In practical terms for current 
commercial preparations, typical amounts are up to about 5 mg by weight, more 
typically 0.01 mg to 3 mg, of active enzyme per gram of the detergent composition. 
Stated otherwise, the compositions herein will typically comprise from 0.001% to 
5%, preferably 0.01%-1% by weight of a commercial enzyme preparation. Protease 
enzymes are usually present in such commercial preparations at levels sufficient to 
provide from 0.005 to 0.1 Anson units (AU) of activity per gram of composition. 
For certain detergents, such as in automatic dishwashing, it may be desirable to 
increase the active enzyme content of the commercial preparation in order to 
iiiiiiiAiiizic tiic tuial amount uf iiuii-calaiyiicaiiy active materiais and thereby improve 
spotting/filming or other end-results. Higher active levels may also be desirable in 
highly concentrated detergent formulations. 

Suitable examples of proteases are the subtilisins which are obtained from 
particular strains of B. subtilis and B. licheniformis. One suitable protease is 
obtained from a strain of Bacillus, having maximum activity throughout the pH 
range of 8-12, developed and sold as ESPERASE® by Novo Industries A/S of 
Denmark, hereinafter "Novo". The preparation of this enzyme and analogous 
enzymes is described in GB 1,243,784 to Novo. Other suitable proteases include 
ALCALASE® and SAVINASE® from Novo and MAXATASE® from 
International Bio-Synthetics, Inc., The Netherlands; as well as Protease A as 
disclosed in EP 130,756 A, January 9, 1985 and Protease B as disclosed in EP 
303,761 A, April 28, 1987 and EP 130,756 A, January 9, 1985. See also a high pH 
protease from Bacillus sp. NCIMB 40338 described in WO 9318140 A to Novo. 
Enzymatic detergents comprising protease, one or more other enzymes, and a 
reversible protease inhibitor are described in WO 9203529 A to Novo. Other 
preferred proteases include those of WO 9510591 A to Procter & Gamble . When 
desired, a protease having decreased adsorption and increased hydrolysis is available 
as described in WO 9507791 to Procter & Gamble. A recombinant trypsin-like 
protease for detergents suitable herein is described in WO 9425583 to Novo. 

In more detail, an especially preferred protease, referred to as "Protease D" is 
a carbonyl hydrolase variant having an amino acid sequence not found in nature, 
which is derived from a precursor carbonyl hydrolase by substituting a different 
amino acid for a plurality of amino acid residues at a position in said carbonyl 
hydrolase equivalent to position +76, preferably also in combination with one or 
more amino acid residue positions equivalent to those selected from the group 
consisting of +99, +101, +103, +104, +107, +123, +27, +105, +109, +126, +128, 
+135, +156, +166, +195, +197, +204, +206, +210, +216, +217, +218, +222, +260, 
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presented at the 207th American Chemical Society National Meeting, March 13-17 
1994, by C. Mitchinson. Therein it was noted that bleaches in automatic 
dishwashing detergents inactivate alpha-amylases but that improved oxidative 
stability amylases have been made by Genencor from B.licheni/ormis NCIB8061. 
Methionine (Met) was identified as the most likely residue to be modified. Met was 
substituted, one at a time, in positions 8, 15, 197, 256, 304, 366 and 438 leading to 
specific mutants, particularly important being M197L and M197T with the M197T 
variant being the most stable expressed variant. Stability was measured in 
CASCADE® and SUNLIGHT®; (c) particularly preferred amylases herein include 
<mi>i<fc>c vaiicuits having aiiuiuojiaj modification in the immediate parent as 
described in WO 9510603 A and are available from the assignee, Novo, as 
DURAMYL®. Other particularly preferred oxidative stability enhanced amylase 
include those described in WO 9418314 to Genencor International and WO 9402597 
to Novo. Any other oxidative stability-enhanced amylase can be used, for example 
as derived by site-directed mutagenesis from known chimeric, hybrid or simple 
mutant parent forms of available amylases. Other preferred enzyme modifications 
are accessible. See WO 9509909 A to Novo. 

Cellulases usable herein include both bacterial and fungal types, preferably 
having a pH optimum between 5 and 9.5. U.S. 4,435,307, Barbesgoard et al, March 
6, 1984, discloses suitable fungal cellulases from Humicola insolens or Humicola 
strain DSM1800 or a ceilulase 212-producing fungus belonging to the genus 
AeromonaSy and ceilulase extracted from the hepatopancreas of a marine mollusk, 
Dolabella Auricula Solander. Suitable cellulases are also disclosed in GB-A- 
2.075.028; GB-A-2.095.275 and DE-OS-2.247.832. CAREZYME® (Novo) is 
especially useful. See also WO 91 1 7243 to Novo. 

Suitable lipase enzymes for detergent usage include those produced by 
microorganisms of the Pseudomonas group, such as Pseudomonas stutzeri ATCC 
19.154, as disclosed in GB 1,372,034. See also lipases in Japanese Patent 
Application 53,20487, laid open Feb. 24, 1978. This lipase is available from Amano 
Pharmaceutical Co. Ltd., Nagoya, Japan, under the trade name Lipase P "Amano," 
or "Amano-P." Other suitable commercial lipases include Amano-CES, lipases ex 
Chromobacter viscosum, e.g. Chromobacter viscosum var. lipolyticum NRRLB 
3673 from Toyo Jozo Co., Tagata, Japan; Chromobacter viscosum lipases from U.S. 
Biochemical Corp., U.S.A. and Disoynth Co., The Netherlands, and lipases ex 
Pseudomonas gladioli. LIPOLASE® enzyme derived from Humicola lanuginosa 
and commercially available from Novo, see also EP 341,947, is a preferred lipase 
for use herein. Lipase and amylase variants stabilized against peroxidase enzymes 
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enzymes. Calcium ions are generally more effective than magnesium ions and are 
preferred herein if only one type of cation is being used. Typical detergent 
compositions, especially liquids, will comprise from about 1 to about 30, preferably 
from about 2 to about 20, more preferably from about 8 to about 12 millimoles of 
calcium ion per liter of finished detergent composition, though variation is possible 
depending on factors including the multiplicity, type and levels of enzymes 
incorporated. Preferably water-soluble calcium or magnesium salts are employed, 
including for example calcium chloride, calcium hydroxide, calcium formate, 
calcium malate, calcium maleate, calcium hydroxide and calcium acetate; more 
gcuciaily, calcium sulfate or magnesium sails corresponding to tne exemphned 
calcium salts may be used. Further increased levels of Calcium and/or Magnesium 
may of course be useful, for example for promoting the grease-cutting action of 
certain types of surfactant. 

Another stabilizing approach is by use of borate species. See Severson, U.S. 
4,537,706. Borate stabilizers, when used, may be at levels of up to 10% or more of 
the composition though more typically, levels of up to about 3% by weight of boric 
acid or other borate compounds such as borax or orthoborate are suitable for liquid 
detergent use. Substituted boric acids such as phenylboronic acid, butaneboronic 
acid, p-bromophenylboronic acid or the like can be used in place of boric acid and 
reduced levels of total boron in detergent compositions may be possible though the 
use of such substituted boron derivatives. 

Stabilizing systems of certain cleaning compositions, for example automatic 
dishashing compositions, may further comprise from 0 to about 10%, preferably 
from about 0.01% to about 6% by weight, of chlorine bleach scavengers, added to 
prevent chlorine bleach species present in many water supplies from attacking and 
inactivating the enzymes, especially under alkaline conditions. While chlorine 
levels in water may be small, typically in the range from about 0.5 ppm to about 
1 .75 ppm, the available chlorine in the total volume of water that comes in contact 
with the enzyme, for example during dish- or fabric-washing, can be relatively large; 
accordingly, enzyme stability to chlorine in-use is sometimes problematic. Since 
perborate or percarbonate, which have the ability to react with chlorine bleach, may 
present in certain of the instant compositions in amounts accounted for separately 
from the stabilizing system, the use of additional stabilizers against chlorine, may, 
most generally, not be essential, though improved results may be obtainable from 
their use. Suitable chlorine scavenger anions are widely known and readily 
available, and, if used, can be salts containing ammonium cations with sulfite, 
bisulfite, thiosulfite, thiosulfate, iodide, etc. Antioxidants such as carbamate, 
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having trimethylsilyl or alternate endblocking units may be used as the silicone. 
These may be compounded with silica and/or with surface-active nonsilicon 
components, as illustrated by a suds suppressor comprising 12% silicone/ silica, 
18% stearyl alcohol and 70% starch in granular form. A suitable commercial source 
of the silicone active compounds is Dow Coming Corp. 

Levels of the suds suppressor depend to some extent on the sudsing tendency 
of the composition, for example, an detergent composition for use at 2000 ppm 
comprising 2% octadecyldimethylamine oxide may not require the presence of a 
suds suppressor. Indeed, it is an advantage of the present invention to select 
cleaning-effective amine uxiJes which are inherently much iower in foam-iorming 
tendencies than the typical coco amine oxides. In contrast, formulations in which 
amine oxide is combined with a high-foaming anionic cosurfactant, e.g., alkyl 
ethoxy sulfate, benefit greatly from the presence of suds suppressors. 

Phosphate esters have also been asserted to provide some protection of silver 
and silver-plated utensil surfaces, however, the instant compositions can have 
excellent silvercare without a phosphate ester component. Without being limited by 
theory, it is believed that lower pH formulations, e.g., those having pH of 9.5 and 
below, plus the presence of the essential amine oxide, both contribute to improved 
silver care. 

If it is desired nonetheless to use a phosphate ester, suitable compounds are 
disclosed in U.S. Patent 3,314,891, issued April 18, 1967, to Schmolka et al, 
incorporated herein by reference. Preferred alkyl phosphate esters contain from 16- 
20 carbon atoms. Highly preferred alkyl phosphate esters are monostearyl acid 
phosphate or monooleyl acid phosphate, or salts thereof, particularly alkali metal 
salts, or mixtures thereof. 

It has been found preferable to avoid the use of simple calcium-precipitating 
soaps as antifoams in the present compositions as they tend to deposit on the 
dishware. Indeed, phosphate esters are not entirely free of such problems and the 
formulator will generally choose to minimize the content of potentially depositing 
antifoams in the instant compositions. 

Corrosion Inhibitor 

The detergent compositions may contain a corrosion inhibitor. Such corrosion 
inhibitors are preferred components of automatic dishwashing compositions in 
accord with the invention, and are preferably incorporated at a level of from 0.05% 
to 10%, preferably from 0.1% to 5% by weight of the total composition. 
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"J^ 1 :™" inhibit ° rS inc,ude P«ffin oil typically a predominantly 
branched aliphatic hydrocarbon having a number of carbon atoms in the range of 
from 20 to 50: preferred paraffin oil selected from predominantly branched C " 
speces wnh a rat,o of cyclic to noncyclic hydrocarbons of about 32:68; a parSL 
« rneetmg these characteristics is sold by Wintershall, Salzbergen, Germany under 
the trade name WINOG 70. 

Other suitable corrosion inhibitor compounds include benzotriazol. and any 
denvattves thereof, memap^ and dio.s, especiaHy mercaptans .U, 4 ,„ 20 carton 
atoms mcludmg tauryl mercaptan, rhiophenol, mionapmol, thionalide and 
«_m„, „, so suilabic ^ C]2 . C2o fauy of 

alummum unsteamte. The C I2 -C 20 hydmxy fatty acids, or their salts, L also 
-table. Phosphonated octa-dec^e and other anti-oxidants such Z 
betahydroxytoluene (BHT) are also suitable. 

Other Optional Adjuncts 

Depending on whether a greater or lesser degree of compactness is required 
filler matenals can also be present in the detergent compositions. T^ese include 
sucrose, sucrose esters, sodium chloride, sodium sulfate, potassium chloride 

ZTZ h CtC " " am ° UntS UP t0 3bOUt 7 ° % ' Preferabl y from 0% to about 
40/o of the detergent composition composition. A preferred filler is sodium sulfate 
especially ,n good grades having at most low levels of trace impurities 

Sodium sulfate used herein preferably has a purity sufficient to ensure it is 
non-reactive with bleach; it may also be treated with low levels of sequestrants, such 
as phosphonates in magnesium-salt form. Note that preferences, in terms of purity 
sufficient to avoid decomposing bleach, applies also to builder ingredients 

Hyclrotrope materials such as sodium benzene sulfonate, sodium toluene 
sulfonate, sodmm cumene sulfonate, etc., can be present in minor amounts 

Bleach-stable perfumes (stable as to odor); and bleach-stable dyes (such as 
those dtsclosed in U.S. Patent 4,714,562, Roselle et al, issued December 22 1987) 
can also be added to the present compositions in appropriate amounts.' Other 
common detergent ingredients are not excluded. 

Since certain detergent compositions herein can contain water-sensitive 
ingredumts, e.g., in embodiments comprising anhydrous amine oxides or anhydrous 
citnc actd, it is desirable to keep the free moisture content of the detergent 
composttions at a minimum, e.g., 1% or less, preferably 4% or less of the detergent 
composition; and to provide packaging which is substantially impermeable to water 
and carbon dioxide. Plastic bottles, including refillable or recyclable types as well 
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as conventional barrier cartons or boxes are generally suitable. When ingredients 
are not highly compatible, e.g., mixtures of silicates and citric acid, it may further be 
desirable to coat at least one such ingredient with a low-foaming nonionic surfactant 
for protection. There are numerous waxy materials which can readily be used to 
form suitable coated particles of any such otherwise incompatible components. 

Method for Cleaning 

The detergent compostions herein may be utilized in methods for cleaning 
soiled tableware. A preferred method comprises contacting the tableware with a pH 
wash aqueous medium uf ul icasi S. The aqueous medium compnses at least about 
0. 1 ppm bleach catalyst and available oxygen from a peroxygen bleach. The bleach 
catalyst is added in the form of the particles described herein. 

A preferred method for cleaning soiled tableware comprises using the bleach 
catalyst-containing particles, enzyme, low foaming surfactant and detergency 
builder. The aqueous medium is formed by dissolving a solid-form automatic 
dishwashing detergent in an automatic dishwashing machine. A particularly 
preferred method also includes low levels of silicate, preferably from about 3% to 
about 10% Si02- 

EXAMPLES 

The following examples are illustrative of the present invention. These 
examples are not meant to limit or otherwise define the scope of the invention. All 
parts, percentages and ratios used herein are expressed as percent weight unless 
otherwise specified. 

EXAMPLE I 

Flakes containing both discrete particles of cobalt catalyst (e.g., 
Pentaammineacetatocobalt(III) Nitrate, herein w PAC n , prepared as described 
hereinbefore) and PEG 8000 as a carrier are made as follows, in accordance with the 
present invention: 

960 grams of polyethylene glycol of molecular weight 8000 (PEG 8000, sold 
by BASF as Pluracol E-8000 prills) are placed in a half-gallon plastic tub and heated 
in a microwave on a high setting for 7 minutes to melt the PEG 8000. The PEG is 
stirred to ensure uniform consistency and complete melting. The final temperature 
of the molten PEG 8000 is 61°C (142°F). 

40 grams of cobalt catalyst [pentaammineacetatocobalt(III) nitrate, prepared 
as described hereinbefore] are added slowly to the molten PEG 8000. This mixture 
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is stirred with a spatula for 3 minutes to uniformly disoe™ tK 

PEG. unnormiy disperse the powder in the molten 

Immediately, the entire mixture is poured into 
The settings on the chill roll are as follow! ? * ' *»* ^ r0 »- 

Gap: -015 mm 

Speed: 50rpm 

Water Temperature: 13 0 Cr55°FW™M ♦ ^ 

n— - *™, on *, cm,, ro „ «, J£J^™jr*r 

a pan and collected. y a doctor b,ade into 

the flakes are men reduced in size hv »c« ~* . . 
of cone mi „, ^ . screen ^ ^ " «^-» — • wn,c„ ls . lom 

mesh, and a pan in a Rot*,, tk y mesn > a T y ,er 65 

ne composition of the resultant flake is- 
PEG 8000 96 „ /o ' 
Cobalt Catalyst 4 o /o 

A similar process may be used starting with PFr, anno • . 

8000 to obtain PEG 4000/cnhalt . ° ,n plaCe of me P£ G 

rtu 4UUU/cobalt catalyst particles (96%/4%). 

A similar process using 800 grams PEG 8000 1 ->n 
80 grams cobalt catalyst produces a^e p^c^g **** ^ ** 
PEG 8000 80o/o g - 

Cobalt Catalyst go /o 
Sodium Sulfate j 2 % 

EXAMPT F n 



Ingredients 

Sodium Citrate (as anhydrous) 
Acusol 480N* (as active) 
Sodium carbonate 
Britesi] H20 (as SiC>2) 
1 -hydroxyethylidene- 1 , 
1-diphosphonic acid 



Table 1 
% by weight 
A 


B 


r 


29.00 


15.00 


15.00 


6.00 


6.00 


6.00 




17.50 


20.00 


17.00 


8.00 


8.00 


0.50 


1.00 


0.50 
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Nonionic surfactant 2 

Nonionic surfactant 3 150 2 00 150 

Savinasel2T 2.20 2.20 2.20 

Termamyl 60T 1.50 - 0.75 

Duramyl - 1.50 

Perborate monohydrate (as AvO) 0.30 2.20 2.20 

Perborate tetrahydrate (as AvO) 0.90 

Catalyst particle 4 2.00 2.00 2.00 

TAED ~ 3.00 

Dieiiiyiene Lriamine penta 

methylene phosphonic acid 0.13 — 0.13 
Paraffin 0.50 0.50 0.50 
Benzotriazole 0.30 - 0.30 
Sulfate, water, etc. balance 

1 Dispersant from Rohm and Haas 

2 Poly Tergent SLF-18 surfactant from Olin Corporation 

3 Plurafac LF404 surfactant from BASF. 

4 The cobalt catalyst of Example I having 96% PEG 8000 and 4% PAC cobalt 
catalyst. 



EXAMPLE III 

Granular automatic dishwashing detergent compositions in accord with the 
invention are set forth as follows in Table 2: 

Table 2 
% by weight 

Ingredients J3 E F 

Sodium Citrate (as anhydrous) 15.00 15.00 15.00 

ACUSO1480N 1 (active) 600 600 600 

Sodium carbonate 20.00 20.00 20.00 

Britesil H20 (as Si0 2 ) 8.00 8.00 8.00 
1 -hydroxyethy lidene- 1 , 

1 -diphosphonic acid 1 .00 1 .00 1 .00 

Nonionic surfactant 2 2.00 2.00 2.00 

Savinase6T 2.00 2.00 2.00 

Termamyl 60T 1.00 1.00 



BNSDOCID: <WO 9716521A1_I_> 



WO 97/16521 



PCT/US96/16533 



40 



Duramyl 4 

Dibenzoyl Peroxide (active) 0 g0 100 

Perborate monohydrate (as AvO) 2 20 °' 8 ° 

Catalyst Particle3 " 220 150 

Sulfate, water, etc. 2 00 !•«> 

1 Dispersant from Rohm and Haas 133,31,06 

3 TH^r SLF ' 1 8 SUrfaCtant fr ° m ° ,in Oration 

caZt C3ta,ySt ^ EX3mPle 1 ^ 96% PEG ™° and < % PAC cobaIt 

S^ZS JN0V ° ~ - * — * supplied b y 

EXAMPT.F TV 
Granular automatic dishwashine detero^t ~ 
invention a^se, forth as follows in TaLl CO ""»— "» -»rd win, 



Ingredients 

Sodium Citrate (as anhydrous) 

Acusol 480N J (active) 

Sodium carbonate 

Sodium tripolyphosphate 

Britesil H20 (as Si0 2 ) 

I -hydroxyethylidene-1 , 

1-diphosphonic acid 
Nonionic surfactant 2 
Savinase 12T 
Termamyl 60T 
Dibenzoyl Peroxide (active) 
Perborate monohydrate (as AvO) 
Catalyst Particle3 
TAED 

Sulfate, water, etc. 

1 Dispersant from Rohm and Haas — balance- 

2 Polytergent SLF-18 surfactant from Olin Corporation 



Table_3 
% by weight 
G 


H 


f 


10.00 


15.00 


20.00 


6.00 


6.00 


6.00 


15.00 


10.00 


5.00 


10.00 


10.00 


10.00 


8.00 


8.00 


8.00 


1.00 


1.00 


1.00 


2.00 


2.00 


2.00 


2.00 


2.00 


2.00 


1.00 


1.00 


1.00 


0.80 


0.80 


0.80 


1.50 


1.50 


1.50 


1.00 


1.00 


1.00 




2.20 
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3 The cobalt catalyst of Example I having 96% PEG 8000 and 4% PAC cobalt 
catalyst. 
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What is claimed is: 

1. A bleach catalyst-containing composite particle suitahle r ■ 

(a) from 1% to 60% of bleach catalyst; and 

(b) from 40% to 99% of carrier «,o. • i , 

mixtures thereof. glycols, paraffin waxes and 

yst elected from the group consisting of cobalt bleach catalysts. 

(HI, bleach catalysts having the foil ^ MnSiS,in6 ° f "** 

[Co(NH3) n (M) m (Bjj ) j -jy 

wherein cobalt is in the + 3 oxidation state; n is 4 or 5- M 
hgands coordinated to the cobalt by one site m i. n , , = " more 

to the cobai. by two sites; b is 0 or J „1 ,1 * Kgmd «"«— 

then m=0 and n=4- and T fa o„, m+ ° * 6> and when b=1 - 

preset in a nun^r y^hL " aT i T" "T*'*' 

wherein flmher said cLttL a h kT, '° 3 cta » rt — «- -te and 

1 s -l (25 I^ M " 1,35 S "** "V* 01 ^ consan. of less than 0.23 M- 

(a) from in „ m of , bleach tomula [QXNHOrOAC 

T y , wherein OAc represents an acetate moi«v ™a t • l L °<NH 3 )50AcJ 
se.ec.ed colons present in aTumb^ ThJe yT" T 
charge-balanced salt; and y ,s an mttger to obtain a 
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(b) from 40% to 99% of polyethylene glycol carrier material that melts within 
the range of from 38°C to 77°C; 

and wherein further said composite particles have a mean particle size of from 
200 to 2400 microns. 

6. The bleach catalyst-containing composite particles according to any of Claims 1- 

5 wherein the carrier material is selected from the group consisting of polyethylene 
glycols having a molecular weight of from 2000 to 12000. 

7. TliC blcacii Ctiuai> si-voiiuiuuiig composite panicles according to any of Claims 1- 

6 wherein the bleach catalyst is selected from the group consisting of 
[Co(NH 3 ) 5 OAc]Cl 2 ; [Co(NH 3 ) 5 OAc](OAc) 2 ; [Co(NH 3 ) 5 OAc](PF 6 ) 2 ; 
[Co(NH3) 5 OAc](S0 4 ); [Co(NH3) 5 OAc](BF 4 )2; [Co(NH 3 ) 5 OAc](N03) 2 ; and 
mixtures thereof. 

8. A process for the preparation of bleach catalyst-containing composite particles 
suitable for incorporation into granular detergent compositions, said process 
comprising the steps of 

(a) combining a bleach catalyst particle with a molten carrier material 
which melts within the range of from 38°C to 77°C, while agitating the 
resulting particle-carrier combination to form a substantially uniform 
admixture of the particles and the carrier material; 

(b) cooling the particle-carrier admixture of Step (a) to form a solidified 
admixture of particles and carrier material; and 

(c) further working the solidified particle-carrier material admixture formed 
in Step (b) if or as necessary to form the desired composite particles. 

9. A process according to Claim 8 wherein the composite particules that are 
prepared comprise from 1% to 60% by weight of the bleach catalyst particles 
selected from cobalt bleach catalysts and from 40% to 99% by weight of the carrier 
material, preferably selected from polyethylene glycols having molecular weight of 
from 2,000 to 12,000. 

1 0. A process according to either of Claims 8 or 9 wherein 

the bleach catalyst is selected from the group consisting of cobalt (III) bleach 
catalysts having the formula: 

[Co(NH 3 ) n (MWB)b]T y 
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wherein cobalt is in the +3 oxidation state; n is 4 or 5- M is one or mor r „ 

prefer/ £ 'ZT ™° f *" 023 

[Co(N„3, 5 OAcKOAc te ° f , ™ 3 > 5 OAc,Cl 2; 

« .o *»* fom a tayw o f ^.^^tir r a chiu rou ° r cooHn8 

lit composhe ~ * ° — 

14. A granular detergent composition especially suitable for use in automatic 
dtshwastang machines, which composition comprises by weigh, 
(a) from O.../. u> 10K of M e bleach caralyst-ctmraining composite partc.es 
accordmgtoanyofClahnsl-7andl3; Panicles 



0>) 
(c) 



comprisi " 8 ftom 00l% '° 8% 35 ~ — of - 

ucr mixture selected from sodium carbonate, sodium 

hTT"7' so<, " ,,,, cittic — 

hydroxide, and mixtures thereof; 
(d) from 3% to 1 0% silicate as Si0 2 ; 

(0 from 0 to 1 0% of a suds suppressor; 

(g) from0% to 5% of an active detersive enzyme; and 

(h) from 0% to 25% of a dispersant polymer. 
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